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$EVWUDFW²,PDJH-JXLGHG VXUJHU\ LV WRGD\ FRQVLGHUHG WR EH RI
VLJQLILFDQW LPSRUWDQFH LQ QHXURVXUJLFDO DSSOLFDWLRQV +RZHYHU
RQH RI LWV PDMRU VKRUWFRPLQJV LV LWV UHOLDQFH RQ SUHRSHUDWLYH
LPDJHGDWDZKLFKGRHVQRWDFFRXQWIRUWKH LQWUDRSHUDWLYHEUDLQ
GHIRUPDWLRQV DQG GLVSODFHPHQWV WKDW RFFXU GXULQJ VXUJHU\ ,Q
WKLVZRUNZHSURSRVHWRWDFNOHWKLVLVVXHZLWKWKHLQFRUSRUDWLRQ
RIDQXOWUDVRXQGGHYLFHZLWKLQDELRSV\QHHGOHWKDWLVFRPPRQO\
XVHG DV DQ LQWHUYHQWLRQDO WRRO VR DV WR SURYLGH LPPHGLDWH
IHHGEDFN WRQHXURVXUJHRQVGXULQJVXUJLFDOSURFHGXUHV ,QRUGHU
WR LGHQWLI\ WKHPRVWDSSURSULDWHSDWK WRDFFHVV D WDUJHWHG WLVVXH
VLWH QHHGOH VLQJOH HOHPHQW WUDQVGXFHUV WKDW ORRN ERWK IRUZDUGV
DQGVLGHZD\VKDYHEHHQGHVLJQHGDQGIDEULFDWHG0RQROLWKLF3=7
SODWHV DQG PLFUR-PRXOGHG - SLH]RFRPSRVLWHV KDYH EHHQ
DGRSWHG DV WKH DFWLYH PDWHULDOV IRU IHDVLELOLW\ WHVWV ,PSHGDQFH
DQDO\VLV DQG SXOVH-HFKR WHVWLQJ KDYH EHHQ FDUULHG RXW
GHPRQVWUDWLQJWKHIXQFWLRQDOLW\RIWKHWUDQVGXFHUVDWIUHTXHQFLHV









KDHPDWRPDV /RFDOLVDWLRQ RI WKH LQWUDFUDQLDO WDUJHW KDV IRU
GHFDGHVSUHGRPLQDWHO\UHOLHGRQSUHRSHUDWLYHLPDJHVDFTXLUHG
IURP FRPSXWHG WRPRJUDSK\ &7 DQG PDJQHWLF UHVRQDQFH
LPDJLQJ 05, >@ ,Q FRQYHQWLRQDOO\ XVHG SURFHGXUHV WKH
DFFXUDWH FRRUGLQDWHV RI WKH WDUJHW DUH LGHQWLILHG IURP WKH
SUHRSHUDWLYHLPDJHVDQGWKHQDVWHUHRWDFWLFIUDPHLVDSSOLHGWR
QDYLJDWHDQ LQWHUYHQWLRQDO WRROVXFKDVDELRSV\QHHGOHEDVHG
RQ WKH DFTXLUHG FRRUGLQDWHV +RZHYHU VKLIWLQJ DQG
GHIRUPDWLRQ RI WKH EUDLQ WLVVXHV RFFXU LQ WKH FRXUVH RI WKH
VXUJHU\LQUHVSRQVHWRDYDULHW\RISK\VLFDODQGSK\VLRORJLFDO
SKHQRPHQD LQ WKH RSHQHG VNXOO LQFOXGLQJ KHDG-SRVLWLRQ
DOWHUDWLRQ UDLVHG LQWUDFUDQLDO SUHVVXUH DQG FHUHEURVSLQDOÀXLG
GUDLQDJH >@ DQG WKHUHIRUH SUHRSHUDWLYH LPDJH-JXLGHG
QDYLJDWLRQ FDQ EHFRPH LQDFFXUDWH DQG XQUHOLDEOH 0D[LPXP
EUDLQ VKLIWV RI PRUH WKDQ  PP KDYH EHHQ UHSRUWHG >@
6XFK VLJQLILFDQW LQDFFXUDFLHV EHWZHHQ D FDOFXODWHG WDUJHW
ORFDWLRQ DQG LWV DFWXDO SRVLWLRQ GXULQJ VXUJHU\ FRXOG
SRWHQWLDOO\KDYHDQDGYHUVHHIIHFWRQDSDWLHQW¶VSRVW-RSHUDWLYH
UHFRYHU\ DV ZHOO DV WKH HIIHFWLYHQHVV RI WKH QHXURVXUJLFDO
SURFHGXUH 
'HWHUPLQDWLRQ RI EUDLQ VKLIWV E\ PDWKHPDWLF PRGHOV KDV
DOVR SURYHQ WR EH UDWKHU GLIILFXOW >@ ,QWUDRSHUDWLYH LPDJH-
JXLGHG QDYLJDWLRQ KDV WKHUHIRUH JDLQHG JURZLQJ LQWHUHVW DV D
UHOLDEOH DOWHUQDWLYH WR SUHRSHUDWLYH LPDJH JXLGHG QDYLJDWLRQ
WHFKQLTXHV %RWK LQWUDRSHUDWLYH &7 DQG 05, KDYH
GHPRQVWUDWHG WKHLU XVHIXOQHVV LQ QHXURVXUJLFDO DSSOLFDWLRQV
>@ KRZHYHU WKHVH V\VWHPV VXIIHU IURP VHYHUDO LQWULQVLF
GLVDGYDQWDJHV LQFOXGLQJ LQWHUUXSWLRQ RI WKH ZRUNIORZ GXULQJ
WKH LQWHUYHQWLRQ GLIILFXOW SRVLWLRQLQJ RI WKH SDWLHQW OLPLWHG
DFFHVVIRU WKHVXUJHRQ WR WKHRSHUDWLYHILHOG DVZHOODVKLJK
FRVW ,Q FRPSDULVRQ LQWUDRSHUDWLYH XOWUDVRXQG ,26 KDV
UHFHQWO\ DWWUDFWHG LQFUHDVLQJ LQWHUHVW QRW RQO\ EHFDXVH RI LWV
ZHOO-DFNQRZOHGJHG VDIHW\ SRUWDELOLW\ DQG ORZ FRVW EXW DOVR
DQG PRUH LPSRUWDQWO\ GXH WR LWV UHDO-WLPH YLVXDOLVDWLRQ
FDSDELOLW\ DQG LWV LPSURYHG LPDJH TXDOLW\ >@ +RZHYHU RQH
RIWKHELJJHVWOLPLWDWLRQVRIWKHH[LVWLQJ,26WHFKQRORJ\OLHVLQ
WKH UHTXLUHPHQW IRU DQ XQGHVLUDEO\ ODUJH FUDQLRWRP\ DV D




LPDJLQJ WR RYHUFRPH WKH GUDZEDFN RI FXUUHQW ,26 V\VWHPV
7KH LQFRUSRUDWLRQ RI VLQJOH HOHPHQW WUDQVGXFHUV ORRNLQJ
IRUZDUG DQG VLGHZD\V ZLWKLQ D QHHGOH ZRXOG HQDEOH WKH
QHXURVXUJHRQ WRREWDLQ LQWUDRSHUDWLYH UHDO-WLPH LPDJH-JXLGHG
7KHZRUNUHSRUWHGKHUHKDVEHHQVXSSRUWHGE\WKH
(QJLQHHULQJDQG3K\VLFDO5HVHDUFK&RXQFLO8. 
LQIRUPDWLRQ DERXW WKH LQWULFDWH EUDLQ VWUXFWXUHV WKDW OLH LQ WKH
SDWKRIWKHQHHGOHRQWKHZD\WRWKHWDUJHWVLWHRILQWHUHVW 
&RPPHUFLDO PRQROLWKLF OHDG ]LUFRQDWH WLWDQDWH 3=7
HOHPHQWV ZHUH XVHG DV WKH DFWLYH PDWHULDOV IRU LQLWLDO
IHDVLELOLW\ WHVWV IROORZHG E\ WKH XVH RI - SLH]RFRPSRVLWHV
WKDW KDYH EHHQ ZLGHO\ SHUFHLYHG DV WKH SUHIHUUHG DFWLYH
PDWHULDOIRUPHGLFDOXOWUDVRXQGWUDQVGXFHUV$VDQDOWHUQDWLYH
WR FRQYHQWLRQDO GLFH-DQG-ILOO PHWKRGV D PLFUR-PRXOGLQJ
DSSURDFK FRPELQLQJ YLVFRXV SRO\PHU SURFHVVLQJ 933 DQG
ORVW SRO\PHU PRXOG WHFKQLTXHV KDV EHHQ DSSOLHG IRU WKH
IDEULFDWLRQ RI WKH SLH]RFRPSRVLWHV XVHG LQ WKHVH VLQJOH
HOHPHQWGHYLFHV7KHRSHUDWLRQDOIUHTXHQF\IRUWKHWUDQVGXFHUV
ZDVGHVLJQHG WREH0+]DV WKLVZRUN UHSUHVHQWV WKH ILUVW
VWHSWRZDUGVDUUD\QHHGOHWUDQVGXFHUVZKRVHIXOO\RSHUDWLRQDO






VXLW WKH LQQHUGLDPHWHU ,'RI WKHQHHGOHVXVLQJD0LFUR$FH
 'LFLQJ 0DFKLQH /RDGSRLQW /WG 8. 7KH PDMRU
GLPHQVLRQVRI WKHRFWDJRQV GLVWDQFH DFURVVRSSRVLWH FRUQHUV
DQG IDFHV ZHUH  DQG  PP UHVSHFWLYHO\ DQG WKH
SODWHVZHUHPPWKLFN(OHFWURGLQJZDVFDUULHGRXWXVLQJ
D3HOWLHU FRROHG VSXWWHU FRDWHU (PLWHFK.(PLWHFK /WG
8.LQZKLFKDWKLQOD\HUaQPRI&UDQGDWKLFNHUOD\HU
aQPRI$XZHUHGHSRVLWHGVHTXHQWLDOO\RQERWKVLGHVRI












RI  PP ZDV FXW IURP WKH 933 VKHHW WR ILW WKH VL]H RI D
XQLD[LDOGLH IROORZHGE\DQ HPERVVLQJVWDJHZKHUH WKH933
PDWHULDO ZDV SUHVVHG LQWR D SRO\FDUERQDWH PRXOG XVLQJ D
,QVWURQ  PHFKDQLFDO WHVWLQJ PDFKLQH ,QVWURQ 8.
7KLUGO\ WKH PRXOG ZDV GLVVROYHG LQ DQ RUJDQLF VROYHQW DIWHU
GU\LQJ WKHJUHHQ GLVFV XVLQJ D WKUHH-VWHSGU\LQJ UHJLPH7KH
UHVXOWLQJ EULVWOH-EORFN VWUXFWXUH ZDV EXULHG LQ OHDG R[LGH
GRSHG ]LUFRQLD VDQG WR FRPSHQVDWH IRU DQ\ OHDG ORVV GXULQJ
VLQWHULQJDQGVLQWHUHGDW&IRUK7KHVLQWHUHGVDPSOH
ZDV WKHQ HQFDSVXODWHG ZLWK (SRIL[ HSR[\ 6WUXHUV 8. DQG
ODSSHG XVLQJ D 30 SUHFLVLRQ ODSSLQJ PDFKLQH /RJLWHFK
8.WRWKHUHTXLUHGWKLFNQHVVIRU0+]RSHUDWLRQ 
)LJVKRZVDQRSWLFDOPLFURJUDSKRID933FRPSRVLWHLQ





3ROLQJ RI WKH FRPSRVLWHV ZDV FDUULHG RXW LQ D EHVSRNH
FRURQDSROLQJMLJDW&IRUPLQZLWKDYROWDJHRIN9
EHIRUHGHSRVLWLQJFKURPH-JROGHOHFWURGHVRQERWKVLGHVRIWKH
FRPSRVLWH DUHD DV GHVFULEHG IRU WKH 3=7 RFWDJRQV 7KH
FRPSRVLWHV ZHUH WKHQ ODVHU-FXW LQWR GLVFV ZLWK D GLDPHWHU RI
PPUHDG\IRUWKHWUDQVGXFHUIDEULFDWLRQ7KHWUDQVGXFHUV
LQFRUSRUDWLQJ WKHVHFRPSRVLWHV IDFLQJ IRUZDUGVDQGVLGHZD\V
DUHQDPHG7UG[-))DQG7UG[-6)UHVSHFWLYHO\ 
C. 6LQJOHHOHPHQWQHHGOHWUDQVGXFHUV 





FDVLQJ IRU WUDQVGXFHU 7UG[-6) +RZHYHU DV ODWHU
FKDUDFWHULVDWLRQZDVWRLQFOXGHWKHXVHRI05,QRQ-PDJQHWLF
DQG VLPLODUO\ VL]HG EUDVV WXEHV 6SHFLDOLW\ 0HWDOV 8. ZLWK
FRUUHVSRQGLQJ GLPHQVLRQV RI  PP  PP DQG  PP
UHVSHFWLYHO\ ZHUH XVHG IRU WKH RWKHU WKUHH WUDQVGXFHUV RI
ZKLFKWKHRQHIRU7UG[-6)KDGDODWHUDORSHQLQJRIPP 
)RU WKH IRUZDUG-IDFLQJ WUDQVGXFHUV DQ HQDPHOHG FRSSHU
ZLUHZLWKDGLDPHWHURI PZDVFRQQHFWHGRQWRRQHRIWKH
HOHFWURGHVRI WKH DFWLYH PDWHULDO ZLWK VLOYHU HSR[\ 568.
IROORZHG E\ D FDVW-LQ-SODFH IDEULFDWLRQ SURFHVV RI D WXQJVWHQ
HSR[\ EDFNLQJ $IWHU FXULQJ DW URRP WHPSHUDWXUH WKH ZKROH
DVVHPEO\ ZDV LQVHUWHG LQWR WKH FDVH DQG DQ 0&; FRQQHFWRU
ZDVVROGHUHGRQWRWKHZLUHDQGWKHQJOXHGLQWRWKHHQGRIWKH
QHHGOH 
)RU WKH VLGH-IDFLQJ WUDQVGXFHUV D WXQJVWHQ HSR[\ LQVHUW
PDGHWRILWWKHODWHUDORSHQLQJRIWKHQHHGOHZDVIDEULFDWHG$
KROH RI DSSUR[LPDWHO\  P GLDPHWHU ZDV GULOOHG WKURXJK
WKHLQVHUWWRSURYLGHDQDFFHVVSRLQWIRUWKHFRSSHUZLUHWREH
FRQQHFWHG WR WKH ERWWRP HOHFWURGH 7KH FRPSRVLWH ZDV WKHQ
PRXQWHG WR WKH LQVHUW EHIRUH ILWWLQJ WKH FRPSOHWHG LQVHUW LQWR
WKHQHHGOH 
)LJVKRZVDSKRWRJUDSKRIDVHWRIWKHDVVHPEOHGQHHGOH
WUDQVGXFHUV RQH RULHQWDWHG IRUZDUGV DQG RQH VLGHZD\V
WRJHWKHU ZLWK FORVH-XS LPDJHV RI WKH 3=7 RFWDJRQV DQG
FRPSRVLWHVPRXQWHGRQWKHQHHGOHV 
 ? ? ? 
  





7KH HOHFWULFDO LPSHGDQFH VSHFWUD RI WKH IRXU DVVHPEOHG
QHHGOH WUDQVGXFHUV ZHUH PHDVXUHG E\ D SUHFLVLRQ LPSHGDQFH
DQDO\VHU$$JLOHQW7HFKQRORJLHV8./WG8.DQGDUH
SUHVHQWHGLQ)LJ'LVWLQFWUHVRQDQFHVDUHIRXQGDWa0+]
IRU DOO RI WKH WUDQVGXFHUV DV SHU WKH GHVLJQ VSHFLILFDWLRQ
FRUUHVSRQGLQJ WR WKH IXQGDPHQWDO WKLFNQHVV PRGH $OO WKH
VPDOOHU UHVSRQVHV DZD\ IURP WKH PDLQ UHVRQDQFH SHDNV DUH
WKRXJKWWREHDUHVXOWRIWKHWUDQVGXFHUKRXVLQJRUIDEULFDWLRQ
SURFHVV DV WKHVH ZHUH QRW REVHUYHG ZKLOH FKDUDFWHULVLQJ WKH
DFWLYH HOHPHQWV SULRU WR DVVHPEO\ 7KH HOHFWURPHFKDQLFDO
FRXSOLQJIDFWRUVNWFDOFXODWHGIURPWKHLPSHGDQFHFXUYHVIRU
7UG[-))7UG[-6)7UG[-))DQG7UG[-6)DUH
 DQG  UHVSHFWLYHO\ +LJKHU NW YDOXHV DUH REWDLQHG
IURPWKHFRPSRVLWHWUDQVGXFHUVDVH[SHFWHGGHPRQVWUDWLQJWKH






7KH SXOVH-HFKR UHVSRQVHV RI WKH WUDQVGXFHUV ZHUH WHVWHG
XVLQJ D KLJK IUHTXHQF\ SXOVHU-UHFHLYHU '35  -65
8OWUDVRQLFV 3LWWVIRUG 1< 86$ $ IODW  PP WKLFN JODVV
SODWH VXEPHUJHG LQ ZDWHU ZDVXVHG DV WKH HFKR WDUJHW GXULQJ
WKHVHPHDVXUHPHQWV$VVKRZQ LQ)LJ WKHREWDLQHGSXOVH-
HFKR UHVSRQVHV SUHVHQW VLPLODU FHQWUDO IUHTXHQF\ YDOXHV RI
a± 0+] IRU DOO RI WKH QHHGOH WUDQVGXFHUV EXW JLYH
VLJQLILFDQWO\ EURDGHU - G% EDQGZLGWK YDOXHV IRU WKH
FRPSRVLWH WUDQVGXFHUV DW DQG IRU WKH7UG[-))
DQG 7UG[-6) UHVSHFWLYHO\ FRPSDUHG WR WKRVH RI WKH 3=7
WUDQVGXFHUV ZKLFK ZHUH  DQG  IRU WKH 7UG[-))
DQG7UG[-6)UHVSHFWLYHO\7KH-G%SXOVHOHQJWKVRIIRXU
WUDQVGXFHUVDUHVVVDQGV 
,Q WKH VHW RI WUDQVGXFHUV LQFRUSRUDWLQJ WKH VDPH DFWLYH
HOHPHQW PDWHULDO ZLWK WKH VDPH GLPHQVLRQV WKH RQH IDFLQJ
VLGHZD\V VKRZHG QDUURZHU EDQGZLGWK WKDQ WKH RQH IDFLQJ
IRUZDUGV7KLVLVSUREDEO\UHODWHGWRWKHIDFWWKDWWKHWKLFNQHVV
RIWKHEDFNLQJZDVSK\VLFDOO\OLPLWHGWROHVVWKDQPPLQWKH
VLGHZD\V IDFLQJ 7UG[-6) DQG 7UG[-6) WUDQVGXFHUV GXH WR
VPDOOQHHGOHGLDPHWHUZKHUHDVWKHEDFNLQJLQIRUZDUG-IDFLQJ
GHYLFHVZDVDURXQGPPWKLFN$SRVVLEOHVROXWLRQPD\EHWR







7KH LPDJLQJ FDSDELOLWLHV RI WKH QHHGOH WUDQVGXFHUV ZHUH
VWXGLHG E\ VFDQQLQJ ZLUH SKDQWRPV 7KH WUDQVGXFHUV ZHUH
FRQQHFWHG WR D VFDQQLQJ V\VWHP EXLOW LQ-KRXVH SURJUDPHG
XQGHU /DE9,(: 1DWLRQDO ,QVWUXPHQWV 1HZEXU\ 8.
HQYLURQPHQW )RU ERWK WKH IRUZDUG DQG VLGH±IDFLQJ
WUDQVGXFHUVWKHQHHGOHVZHUHDWWDFKHGWRDQDXWRPDWLFOLQHDU
VFDQQLQJ VWDJH FRQWUROOHG E\ D 6+27- VWDJH FRQWUROOHU
6LJPD .RNL 7RN\R -DSDQ DQG WKH UHIOHFWHG HFKR WKURXJK
WKH SXOVHU-UHFHLYHU ZDV FDSWXUHG DQG VDYHG ZLWK DQ







ȋȌ ȋȌ ȋȌ 
 Impedance  Phase 
 Frequency domain  Time 
ȋȌ ȋȌ 
LQ RUGHU WR FDUU\ RXW WKH FKDUDFWHULVDWLRQ )RU WKH IRUZDUG-
IDFLQJ WUDQVGXFHUV WKH SKDQWRP ZDV PDGH RI HLJKW WXQJVWHQ
ZLUHVRIPLQGLDPHWHUSRVLWLRQHGLQDEHVSRNHKROGHUVR
WKDW WKH\ZHUHVHSDUDWHGE\PPDORQJ WKHD[LDODQG ODWHUDO
GLUHFWLRQV )RU WKH VLGH-IDFLQJ WUDQVGXFHUV D UDGLDO ZLUH
SKDQWRPZDVPDGHRIDUDSLGSURWRW\SHGKROGHUDQGVL[Q\ORQ
ILVKLQJ ZLUHV RI  PP GLDPHWHU ZKLFK ZHUH SRVLWLRQHG DW
YDULRXVUDGLDOGLVWDQFHVZLWKLQWKHKROGHU /LQHDUVFDQVZHUH
SHUIRUPHGZLWKWKHIRUZDUG-IDFLQJWUDQVGXFHUPRYLQJVWHSE\
VWHSRYHU WKH WXQJVWHQ ZLUHSKDQWRP)RU VFDQQLQJXVLQJ WKH
VLGH-IDFLQJWUDQVGXFHUVWKHV\VWHPFRQILJXUDWLRQLVVLPLODUEXW
WKH QHHGOH WUDQVGXFHUV UHPDLQHG LQ D IL[HG FHQWUDO SRVLWLRQ
ZKLOVW WKH UDGLDO ILVKLQJ ZLUH SKDQWRP ZDV URWDWHG RQ D
PRWRUL]HG SUHFLVLRQ URWDWLRQ VWDJH 350= PRXQW ZLWK





)LJ  %RWK LPDJHV SURGXFHG E\ WKH FRPSRVLWH WUDQVGXFHUV
KDYH UHODWLYHO\ JRRG UHVROXWLRQ DQG ORZ QRLVH ZKLOH WKH
LPDJHV IURP WKH 3=7 WUDQVGXFHUV DUH JHQHUDOO\ QRLVLHU
$OWKRXJK E\ FRPSDULQJ )LJ F DQG G WKH 7UG[-6)







 0+] VLQJOH HOHPHQW QHHGOH WUDQVGXFHUV GHVLJQHG IRU
LQWUDRSHUDWLYH LPDJH-JXLGHG QHXURVXUJHU\ KDYH EHHQ
IDEULFDWHG XVLQJ FRPPHUFLDO 3=7 EXON FHUDPLF DQG PLFUR-
PRXOGHG - SLH]RFRPSRVLWHV 9DULRXV WHFKQLTXHV KDYH EHHQ
GHYHORSHG IRU WKH IDEULFDWLRQ RI WKH WUDQVGXFHUV ORRNLQJ
IRUZDUGV DQG VLGHZD\V 7KH LPSHGDQFH DQG SXOVH-HFKR
UHVSRQVH RI WKHVH WUDQVGXFHUV KDYH EHHQ FKDUDFWHULVHG DQG
KLJKHUFRXSOLQJEHWWHUD[LVUHVROXWLRQDQGEURDGHUEDQGZLGWK
KDYH EHHQ IRXQG IRU WKH FRPSRVLWH WUDQVGXFHUV DV H[SHFWHG
7KHSHUIRUPDQFHRIWKHVLGHZD\V-IDFLQJWUDQVGXFHUVPLJKWEH
DIIHFWHG E\ WKH UHODWLYHO\ WKLQ EDFNLQJ DQG IXUWKHU VWXG\ RQ
EDFNLQJ PDWHULDOFRPSRVLWLRQ VXLWDEOH IRU VLGHZD\V-IDFLQJ
QHHGOH WUDQVGXFHU LV UHTXLUHG 7KH LPDJLQJ FDSDELOLWLHV RI
WKHVH WUDQVGXFHUV KDYH DOVR EHHQ GHPRQVWUDWHG E\ OLQHDU DQG
URWDWLQJ ZLUHSKDQWRPVFDQV6WXGLHVRI EUDLQ WLVVXH LPDJLQJ
XVLQJ WKHVH WUDQVGXFHUV ZLOO EH FRQGXFWHG IRU IXUWKHU
IHDVLELOLW\ WHVWV %DVHG RQ WKH H[SHULHQFH IURP WKHVH VLQJOH





(365& LQ WKH 8. IRU WKHLU ILQDQFLDO VXSSRUW WKURXJK WKH
JUDQW ³8OWUDVRXQG LQ D 1HHGOH 0LQLPDOO\-LQYDVLYH +LJK
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